
Introduction
Angiogenesis is a complex process involved in both growth and
progression of several human and animal tumours [1, 2]. This
process is regulated by several pro-angiogenic factors, such as
vascular endothelial growth factor (VEGF), thymidine phosphory-
lase (TP), fibroblast growth factor-2 (FGF-2) and anti-angiogenic

factors, such as thrombospondin-1, angiostatin and endostatin 
[3, 4]. Anti-angiogenesis is a therepeutic strategy in the treatment
of tumours. Among various molecules, a recombinant humanized
monoclonal antibody against VEGF has been approved for the
treatment of human tumours [5].

Inflammatory cells, such as macrophages, lymphocytes and
mast cells (MCs), play a major role in tumour angiogenesis by
means of angiogenic cytokines stored in their cytoplasm [6–9].
MCs are involved in neovascularization in experimentally induced
tumour, accumulate near to tumour cells before the angiogenesis
onset and participate in the metastatic spreading of primary
tumours [10–13]. Moreover, MCs’ involvement in tumour angio-
genesis has been demonstrated in several human solid and
haematological malignancies [14–23]. 
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Abstract

Canine cutaneous mast cell tumour (CMCT) is a common cutaneous tumour in dog, with a higher incidence than in human. CMCT is 
classified in three subgroups, well and intermediately differentiated (G1 and G2), corresponding to a benign disease, and poorly differenti-
ated (G3), corresponding to a malignant disease, which metastasize to lymph nodes, liver, spleen and bone marrow. In this study, we have
evaluated serum (S), platelet-poor plasma (P-PP), plasma-activated platelet rich (P-APR) and cytosol vascular endothelial growth factor
(VEGF) concentrations, microvascular density (MVD) and mast cell density (MCD) in a series of 86 CMCTs and we have correlated these
parameters with each other, by means of ELISA detection of VEGF and immunohistochemistry. Results show that VEGF level from cytosol
P-APR and MVD were significantly higher in G3 CMCTs as compared to G1 or G2  subgroups. Moreover, a significantly strong correlation
among VEGF levels from P-PAR and cytosol, MVD and MCD was found in G3 subgroup. Because VEGF levels from P-APR well correlated
with MVD and malignancy grade in CMCT, we suggest that VEGF might be secreted from MCs and it may be a suitable surrogate inter-
species angiogenetic markers of tumour progression in CMCT. Finally, CMCT seems to be a useful model to study the role of MCs in tumour
angiogenesis and inhibition of MCs degranulation or activation might be a new anti-angiogenic strategy worthy to further investigations. 
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Cutaneous canine mast cell tumour (CMCT) is a common
cutaneous tumour in dog, with an incidence much higher than
that found in human [24–27]. CMCT is classified in three 
subgroups, well and intermediately differentiated (G1 and G2),
corresponding to a benign disease, and poorly differentiated
(G3), corresponding to a malignant disease which metastasize to
lymph nodes, liver, spleen and bone marrow with a short overall
survival [28].

In this study, we have evaluated serum (S), platelet-poor
plasma (P-PP), plasma-activated platelet rich (P-APR) and cytosol
VEGF concentrations, microvascular density (MVD) and mast cell
density (MCD) in a series of 86 CMCTs and we have correlated
them with each other. 

Material and methods

Blood samples

Blood samples were obtained from a series of 86 cases of CMCT. Venous
blood was dispensed into a serum separator tube (Becton Dickinson
Vacutainer Systems, Plymouth, UK) for S, into a sodium citrate, theo-
phylline, adenosine, dipyridamole tubes for plasma (CTAD) (Becton
Dickinson Hemogard Vacutainer Systems) for each case, respectively
[29, 30]. In order to generate S, blood was allowed to coagulate for at
least 30 min. at 37°C and then centrifuged  at 1500 � g � 15 min. [29].
CTAD samples were centrifuged at 180 � g � 10 min. [30]. The super-
natant was carefully removed from the centre portion of the liquid phase
using a polyethylene Pasteur pipette to obtain a platelet-rich plasma.
After removing the supernatant, the samples were again centrifuged at
1500 � g � 15 min. to obtain a P-PP. After subjecting the platelet-rich
plasma to platelet count (Automated Haematology Analyser SE-9000
RET/SYSMEX Corporation, Kobe, Japan), it was treated with thrombin
(80 ml/ml) and incubated for 30 min. at room temperature. After centrifu-
gation at 1500 � g � 15 min., the aggregated platelet sediment was
eliminated and the supernatant, P-APR, was obtained. All samples were
stored at –80�C until VEGF detection [29–31]. 

VEGF ELISA detection

Circulating VEGF levels were detected using the Quantikine Human VEGF-
enzyme-linked immuno-absorbent assay (ELISA) (R&D Systems Inc.,
Minneapolis, MN, USA), which recognize VEGF165 [32–34]. Briefly, 
100 �l of S, P-PP and P-APR samples diluted in 100 �l of buffer solu-
tions and serially diluted standard solutions (VEGF) were added to 96-
well microtitre plates precoated with murine anti-VEGF monoclonal anti-
body and incubated at room temperature for 2 hrs. After incubation, 200 �l
of the secondary antibody, an enzyme-linked VEGF-specific polyclonal
goat antibody, was added and incubation continued for 2 hrs at room
temperature. Substrate solution was added and the reaction continued
for 30 min. Optical density was determined on a microplate reader
(Labsystems Multiskan MCC/340; Labsystems Thermo Fisher Scientific,
Waltham, MA, USA) at 450 nm. According to the manufacturer, the 
minimum detectable dose of VEGF is less than 9.0 pg/ml. Values below
9 pg/ml were equalized to zero. 

Tumour cytosol and VEGF ELISA detection 

These analyses were performed on cryopreserved CMCTs samples 
collected after surgery. Briefly from the selected 86 CMCTs cases, 
representative tumour tissue were cut out and frozen in liquid nitrogen
e next stored to –80�C for later analyses. These fresh tumour tissues
were homogenized in 4 volumes of homogenization buffer [containing
10 mM Tris-hydrochloride (pH 7.4), 1.5 mM EDTA, 5 mM disodium
molybdate, 100 ml/liter glycerol, and 1 mM monothioglycerol] and one-
third volume of 1.0-mm glass beads (Biospec Products, Batleville, OK).
Homogenization was performed at 4200 rpm for 10 s using a Mini-bead-
beater (Biospec Products). Homogenates were then centrifuged at
20,000 � g at 4�C for 10 min. and the supernatants that corresponded
to tumour cytosolic extracts were used for quantitative assay of VEGF.
VEGF content in the tumour cytosol was measured by ELISA using the
Quantikine human VEGF ELISA kit (R&D Systems, Minneapolis, MN,
USA) as already described for circulating VEGF in the previously section.
The concentration of VEGF in the cytosol was expressed as pg/mg. 

Histochemical, immunohistochemical 
and double staining  

A series of formalin-fixed and paraffin-embedded tissue samples obtained
from 86 cases of CMCTs were utilized. Histological diagnosis was performed
on almost six slides for each tumour sample stained with haematoxylin-
eosin and Undritz method (Merck, Darmstadt, Germany), specific for red-
blue methachromatical MCs identification [22]. Accordingly to Patnaik et al.
[35], the cases were classified as follows: 31 were G1, corresponding to well
differentiated CMTC, 27 were G2, corresponding to intermediate differenti-
ated CMTC, and 28 were G3, corresponding to poorly differentiated CMTC. 

For the evaluation of MVD and VEGF expression, a three-layer biotin-
avidin-peroxidase system, as previously described was adopted [22, 36].
Briefly, six serial sections, for each tissue samples, were cut. After heating,
slides were incubated with the rabbit polyclonal antibody anti-factor VIII-
related antigen (FVIII-RA) (Dako, Glostrup, Denmark), used as an endothe-
lial marker and with the rabbit polyclonal anti-VEGF (Santa Cruz
Biotechnology, CA, USA) antibody. The bound antibodies were visualized
by using biotinylated secondary antibody, avidin-biotin peroxidase com-
plex and 3-amino-9-ethylcarbazole or fast red (Dako). Nuclear counter-
stained was performed, for each tissue sample, with Gill’s haematoxylin
(Polysciences, Warrington, PA, USA). A double stain was also performed
by using anti-FVIII-RA antibody and Undritz method to mark on the same
slide both endothelial cells and MCs [22]. As a negative immunohisto-
chemical control, no primary antibody was added.

The slides were morphometrically evaluated by using an image analy-
sis system (Quantimet 500 Leica Microsystems, Wetzlar, Germany). Ten
most vascularized areas (‘hot spot’) were selected at low magnification and
single red-brown stained endothelial cells, endothelial cell clusters and
microvessels, clearly separated from adjacent microvessels, tumour cells
and other connective tissue elements and MC we counted at x400 fields
and x1000 fields in oils [1, 20, 22]. Finally, serial sections were also eval-
uated for MCs reactive to VEGF.

Statistical analysis

Mean value ± standard deviations (S.D.) was evaluated for MVD, MCD,
cytosol and circulating and VEGF concentrations in G1, G2 and G3 CMCTs
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subgroups. The significance of differences in MVD, MCD, cytosol and cir-
culating VEGF concentrations in serum and plasma compartments,
between G1 versus G2, G2 versus G3 and G3 versus G1 tumour groups,
was performed by Student’s t-test. Correlations among MVD, cytosol VEGF
concentrations, circulating VEGF concentrations and MCD each to other
were calculated using Pearson’s (r) analysis. All statistical analyses were
performed with the SPSS statistical software package (SPSS, Inc.,
Chicago, IL, USA). 

Results

No significant difference was found among G1, G2 and G3 CMCTs
subgroups as concerns S-VEGF and P-PP VEGF (Table 1).
Otherwise, VEGF mean levels from P-APR and cytosol were sig-
nificantly higher in G3 (368 ± 132 pg/ml S.D.; 776 ± 257 pg/mg
S.D.) as compared to G1 (99 ± 45 pg/ml S.D.; 198 ± 106 pg/mg
S.D.) or G2 (126 ± 57 pg/ml S.D.; 245 ± 152 pg/mg S.D.) 
(P ranging from 0.001 to 0.005) CMCTs subgroups (Table 1). 

As concerns MVD, it was significantly higher in G3 as com-
pared to G1 or G2 CMCTs subgroups (Figs. 1, 2 and Table 1). As
concerns MC characteristics, they were often degranulated or
degranulating with less or not methacromatic cytoplasmatic gran-
ules in G3 as compared to G1 or G2 CMCTs subgroups in slides
stained with both immunohistochemistry and Undritz method.
Furthermore, MCs were often clustered near or around to
microvessels in G3 as compared to G1 or G2 CMCTs subgroups
(Fig. 2). No significantly differences was found among the three
subgroups in term of MCD (Table 1). 

As concerns VEGF immunoreactivity, both MCs and microves-
sels were positive to VEGF in G3 CMCTs subgroup (Fig. 3). 

A significantly correlation has been established between
these parameters: circulating VEGF from P-APR and VEGF from
cytosol ( r = 0.83, P = 0.001); circulating VEGF from P-APR and
MVD (r = 0.82, P = 0.001); circulating VEGF from P-APR and
MCD (r = 0.76, P = 0.001);  VEGF from cytosol and MVD 
(r = 0.71, P = 0.002); VEGF from cytosol and MCD (r = 0.69, 
P = 0.003); and  MVD and MCD (r = 0.71, P = 0.002), only in G3
CMCT subgroup (Fig. 4).

Discussion

This is the first report describing the relationship between
cytosol and circulating VEGF levels, MVD and MCD in regulating
tumour angiogenesis and  progression of CMCT spontaneous
model. MCs’ involvement in tumour angiogenesis has been
demonstrated in several human solid and haematological malig-
nancies [14–23]. Although MCs can secrete several pro-angio-
genic molecules, including fibroblast growth factor-2 (FGF-2),
tumour necrosis factor alpha (TNF-�), interleukin-8 (IL-8),
transforming growth factor beta (TGF-�), tryptase and chymase,

Fig. 1 Haematoxylin-eosin staining of CMCTs in a low vascularized well-
differentiated (G1) tumour (A), low vascularized intermediately differen-
tiated (G2) tumour (B) and high vascularized poorly differentiated (G3)
tumour (C). Single arrows indicate blood vessels. Original magnifica-
tion: A–C, x40. 
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we have focused our attention on VEGF due to its main role in
tumour angiogenesis, and to the possibility to inhibit angiogen-
esis by using a humanized anti-VEGF antibody, as it has been
demonstrated in pre-clinical and clinical setting [5].

Several reports in human tumours have suggested that serum
VEGF could be unsuitable for sampling VEGF [29, 30, 37]. It has

been demonstrated that VEGF is stored in the alpha granules and
is released from platelets during clotting [38–40]. Therefore,
serum VEGF may be an inaccurate indicator of circulating VEGF
due to its release during sampling. Accordingly, in this study no
correlations between serum VEGF and MVD and between serum
VEGF and malignancy grade of CMCTs has been found. 

© 2009 The Authors
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Fig. 2 Highly vascularized poorly differentiated (G3) CMCT (A) and low vascularized well-differentiated (G1) CMCT (B) double stained with immuno-
histochemical method for vessels identification by using an antibody-anti FVIII-RA and with histochemical Undritz method for specific mast cells iden-
tification. In (A), arrows indicate two microvessels (red-brown colour) among several irregular pleomorphic blue degranulated (in inset in red) mast
cells. In (B), several regular monomorphic blue granulated mast cells are recognizable. Original magnification: A, B, x1000.

CMCTs
(number 
of cases)

MVD
400x

(0.19 mm 2)

MVD
1000x

(0.06 mm 2)

MCD
400x

(0.19 mm 2)

MCD
1000x

(0.06 mm 2)

VEGF 
levels from S

pg/ml

VEGF
levels from 

P-PP
pg/ml

VEGF 
levels from 

P-APR
pg/ml

VEGF 
levels from

cytosol
pg/mg

G1 (31) 8 ± 4 4 ± 2 109 ± 59 31 ± 19 427 ± 261 29 ± 21 99 ± 45 198 ± 106

G2 (27) 9 ± 5 4 ± 3 105 ± 52 29 ± 16 441 ± 274 28 ± 19 126 ± 57 245 ± 152  

G3 (28) 27 ± 10 9 ± 3 116 ± 63 33 ± 20 437 ±  279 3 1 ±  23 368 ± 132 776 ± 257 

P value
(t-test)

G1 versus
G2 
n.s.

G1 versus
G2 
n.s.

G1 versus
G2 
n.s.

G1 versus 
G2 
n.s.

G1 versus
G2 
n.s.

G1 versus
G2 
n.s.

G1 versus
G2 
n.s.

G1 versus
G2 
n.s.

G1 versus
G3

P = 0.002

G1 versus
G3

P = 0.004

G1 versus
G

n.s.

G1 versus
G3
n.s.

G1 versus
G3
n.s.

G1 versus
G3
n.s.

G1 versus
G3

P = 0.001

G1 versus
G3

P = 0.002

G2 versus
G3

P = 0.003

G2 versus
G3

P = 0.004

G2 versus
G3
n.s.

G2 versus
G3
n.s.

G2 versus
G3
n.s.

G2 versus
G3
n.s.

G2 versus
G3

P = 0.002

G2 versus
G3

P = 0.003

Table 1 All angiogenetic indexes analysed  means ± standard deviations as a function of tumour malignancy grade and statistical significance of
their changes between G1 versus G2, G1 versus G3 and G2 versus G3 CMCT goups by Student’s t-test
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As concerns P-PP blood fraction, we found low VEGF levels
and no statistically significant differences between P-PP and other
angiogenic and grading parameters. The low VEGF levels in P-PP
blood fraction suggests that VEGF from serum samples is derived
from platelets during the coagulation process. Accordingly, VEGF
levels in the P-PP could reflect the excess of circulating VEGF to
the steady state with platelets levels without any biological 
clinical significance.

VEGF levels in P-APR serve to discriminate between cancer
patients and healthy controls, suggesting that VEGF from P-APR
may play a role in cancerogenesis [29, 30]. Human MCs can syn-
thesize and secrete VEGF contained in their secretory granules,
whereas platelets represent the main reservoir of circulating blood
VEGF and they can endocytose and concentrate circulating plasma
VEGF [41–49]. 

In this study, we have shown that VEGF level from both cytosol
and P-APR is higher in G3 as compared to G2 or G1 CMCTs sub-
groups. It has been demonstrated that neoplastic MCs in dog
mastocytomas and in the dog mastocytoma cell line C2 express
the VEGF protein and VEGF mRNA expression in C2 cells was

Fig. 3 A double staining of microvessels (arrows) and mast cells (double
arrow) by using an antibody anti-VEGF in highly vascularized poorly
differentiated (G3) CMCT. Original magnification: �160.

Fig. 4 Correlation analysis in
highly vascularized poorly dif-
ferentiated (G3) CMCT sub-
group between VEGF concen-
trations from P-APR and VEGF
from cytosol (r = 0.83, P =
0.001); VEGF concentrations
from P-APR and MVD (r = 0.82,
P = 0.001); VEGF concentra-
tions from P-APR and MCD (r =
0.76, P = 0.001); VEGF concen-
trations from cytosol and MVD
(r = 0.71, P = 0.002); VEGF con-
centrations from cytosol and
MCD (r = 0.69, P = 0.003) MVD
and MCD (r = 0.71, P = 0.002).
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counteracted by LY294002 and rapamycin, suggesting an involve-
ment of the PI3-kinase/mTOR pathway. In addition, rapamycin
decreased the expression of VEGF in C2 cells at the mRNA and
protein level without  suppressing their proliferation [50].

Our data suggest that MCs of CMCTs are the main source of
circulating VEGF protein, which may be released by degranulation
and then stored in platelets. In fact, we have demonstrated that
MCs in G3 CMCTs subgroup contained few or no cytoplasmatic
granules and this parameter correlated with high MVD, high VEGF
level from cytosol and high VEGF level from P-APR. On the con-
trary, MCs in G1 or G2 CMCTs were less degranulated, showing
more methacromatic granules in their cytoplasm and these data
correlate with low angiogenesis. Overall, we suggest that VEGF

might be secreted by MCs and it may be a suitable surrogate inter-
species angiogenic markers of malignancy.

In conclusion, spontaneous CMCTs seems to be a useful model
to study the role of MCs in the angiogenic pathway and the inhibition
of MC degranulation or activation might be a new anti-angiogenic
strategy worthy to further investigations [51–54].
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